about 0.1 N in acid) was somewhat difficult. This is probably due to the low acidity of the phenol reagent because the precipitates were easily dissolved with the reagent having an acidity of about 0.5 N (diluted 20-fold with a dilute hydrochloric acid, procedure E). In the following experiments we used procedure C as the standard method. All the curves were reconstructed from the absorption spectra in Fig. 1 . The values in parentheses show the wavelength (nm) used.
Calibration curves obtained by the present and
Somogyi-Nelson methods
The color-producing ability of the phenol reagent was considerably lower than that of
Nelson's arsenomolybdate. The slope of the curve 1 obtained by the standard procedure in the present method was about 2/3 of that of curve 2 obtained by Somogyi-Nelson method; at the same level of the final volume of the colored solution, the slope of curve 1 would become only about one half of that of curve 2 ( Fig. 3) . However, the curves obtained by procedure G and H, respectively, increased 1.6 and 2.4 times in slope compared to that obtained by Somogyi-Nelson method. In the case of procedure G, 1ml of glucose solution was mixed with 1ml of Somogyi's alkaline copper reagent and heated for 20min. After cooling, the mixture was treated with 4ml of the phenol reagent (diluted fourfold with water, about 0.5 N in acid) and the resultant color was measured at 660nm without dilution with water. Procedure H was the same as procedure G, except that 2ml of the phenol reagent (diluted twofold with water, about 1 N in acid) was used as the chromogenic reagent.
Effect of interfering substances on the present and Somogyi-Nelson methods (Table II) . The addi tion of citrate or phosphate resulted in a decrease not only in the blank absorbance but also in the glucose amount determined. On the other hand, in the presence of bovine serum al bumin or chicken egg-white lysozyme, the appar ent glucose amount was somewhat higher than that of actually present. The addition of Tris 
DISCUSSION
The rate of copper reduction with different sugars is closely associated with their chemical structures, and the alkalinity of the copper reagent greatly affects the rate and the extent of the reaction.7) Under the present experi mental conditions, maximum reduction of cop per with glucose was obtained at a heating period of about 17min. A 20-min heating period, which was adopted by Nelsons1) and Somogyi,4) was also used in this experiment.
The color reaction with Folin-Ciocalteu phenol reagent was very fast similarly to that with Nelson's arsenomolybdate.
Nelsons1) stated that the colors developed with the various phosphomolybdate reagents he tried lacked the desired stability.
However, the color developed with Folin-Ciocalteu phenol reagent was quite stable. The phenol reagent, containing a large amount of phosphotungstate, besides phosphomolybdate, might not be in cluded in the phosphomolybdate reagents he tried. According to Somogyi,2) Benedict's phosphotungstatee8) also may be used as the chromogenic reagent for the reducing sugar assays. This reagent, however, requires more than 10min for the maximum color develop ment and, moreover, the resultant color is likely to be much less stable than the color developed with Nelson's arsenomolybdate or with Folin-Ciocalteu phenol reagent.
The color developed with the phenol reagent gave a broad spectrum in the visible region above 500nm and use of the different wave lengths above 500nm does not affect on the linearlity of the calibration curve of glucose; except only one curve determined at 800nm, all the straight lines passed through the origin, although the slope of each line increases with increasing the wavelength (Fig. 3) . Accord ingly, we may use any wavelengths from 500 to 720nm. The sensitivity of the present method was considerably lower than that of SomogyiNelson method. The slope of the calibration curve of glucose (curve 1) obtained by pro cedure C, the standard one in the present method, was about 2/3 of that of curve 2 obtained by Somogyi-Nelson method. However, procedure C will probably be adequate for most analyses as it is. If necessary, we may use procedure G or H as a more practical one; the slopes of curves 3 and 4 were, respec tively, 1.6 and 2.4 times higher than that of curve 2. Folin-Ciocalteu phenol reagent is widely used as the chromogenic reagent for the deter mination of proteins so that somewhat high interferences by proteins were expected in the present method. However, the interferences by bovine serum albumin and chicken eggwhite lysozyme were comparable to those in Somogyi-Nelson method.
The fact that both the present and SomogyiNelson methods suffer from similar inter ferences by commonly used buffering agents and proteins should be kept in mind when enzyme activities are measured by the reducing sugar assays. Depressing effects of citrate on Somogyi-Nelson method has already been de scribed by Paleg, 9) who suggested that the more effective property of citrate than that of tartrate of forming a chelate complex with copper might be responsible for its depressing activity. In the case of Tris, which increased markedly the blank absorbance (Table II) , also its chelate forming ability might be responsible for the increasing blank absorbance, because, on addi tion of Tris, the blue color of Somogyi's alkaline copper reagent was immediately changed to a violet color characteristic of the formation of a Tris-copper complex.
The reason why the absorbance increases or decreases in the presence of Tris or citrate, respectively, is obscure. In the case of Tris, in spite of the high blank absorbance, the glucose amount obtained was almost equal to that of actually present. However, high blank absorbances would tend to cause poor repro ducibility of the assay. Such was the case with Tris in the present experiment. 
